Pads Required |

Pixel FE

*Passive

*Power (clamp)

*Ground (2 types)

*CMOS In (+pullup/down)
L VDSIn

L VDS Out (0.5 mA)

Pixel MCC

*Power (clamp)

*Ground

*CMOS In (+pullup/down)
L VDSIn

L VDS In (integrated 500W)

LVVDS Out (3 mA)



Pad Geometry
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Pad L ayout |

e 75mralls

o 2 ralls per voltage

e ralsare~ 0.5 Wmm
(M2..4=0.78 Wsq.)

( M5 - Pad
s M4 - VDDA
le==| I M3-VDDA

@ T M2 - GND
D 1:1 _ M1-routing

" M5- Pad
C] @) M4 - VDDD
e < M3-VDDD
M2 - GND
_ M1 - routing
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ESD Scheme-—In principlel

* Mixed-mode (see® )
* Power seguence independent
*Vpa ISavery sensitive node
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M ixed Model
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ESD Diod%l

In Vb

IBM — Substrate for ESD (- ) node
(TSMC — MOS Diodes to metal traces)



IBM “Kit” |

CMOS6OF ESD

Design KIT

Robert Gauthier

IBM Microelectronics
Phone: (B0Z)765-5508

Fax: (802)763-D659
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ESD Scheme—In practicel
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Vp Clamp - Schematic |
1500V HBM — R~30 kW, C~5 pF Iﬁm
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VDD Clamp - Drlver * 9 .8, ® {:-“ a :— a --g;

-_ n | |
L ] L] ] L] L] [ ] L]
L] L] L] [ ]
L
Clarmp 158@v HBM ! -
| ]
4.p Bt NT{"net3)
@
3.8
\_\h
2.8 L
N
\\\.
\\..
1@ - ._"'x_____kﬁ‘
M“‘“‘ﬁ—g_
-H-H_H—H"H..
..._\\.
"m\
.
a.d -.\......I..\......\......‘..|.....\T“‘7-—-.___._..L...‘.....|
@@ 2000 4EER BEAN B@GN 1.48u
time
_h-"\
------ | = PixPads 0601 P. Denes



=
Sy
....... ]

-
T

VDD Clamp = VDD 8 -8 @ PP
| ] L} | |}
[ ] L] L |
&
L &
Clamp 1500V HEM e
& L]
1.6 _III: I‘\,/T("-’{Vdd,l”) . L #
100 ' R ] B [
. E L] L]
9.00 ° * o .
BOD |
7.00 L ]
co0 | Vp during zap
5.00
400
3.00 L
P e—
2.08 | T JUEENRE
r —
1.0
3.0
—1.00 . R . L L |
3.00 49.0n 30.0n 120n 162n 200N
time

PixPads 0601 P. Denes

[ o B B



Clamp 1588V HBEM (R . . M
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Vp Clamp - Current
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ESD Event Examplel

Negative spike w.r.t. gnd Positive spike w.r.t. gnd
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Wor st Casel
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Output Pads - Resistive Outputsl

Example: LVDS Driver

—:F.

Cop {Sp) ramcvad, should ba enough gata cop.

= 3d

......

4

HPEa
IF2

—

L o
F1 e .
5L penn r'r& pshe I_.'L uuuuuuuuuuuuuuuuu 3%
I o T in"“ w=71. g El B ke b e
a ] o]
on /' " 1
. bt | _ ; é uuuuu M T omo=1 HE:
—"I =260n = & el oeplkd
155 w=71,63u “I’ 4]
E
E
= -
m =K n an
nes ke =
whlos
& m o [xv] '

Silicide block on
outputs adds ~4W



DRC

There are anumber of layout rules specifically for devices that have
an ESD function. These rules are not correctly and consistently
checked by the DRCs we have available.

Example
These are “normal” transistors F\LThese transistors need special layout
but generate errors because they considerations because they are
are also connected to pads (Vp, V<o) connected to a pad

Approach: verify each ESDnn error by hand.



Conclusion |

Mixed-mode set of pixel FE pads

Uses IBM ESD guidelines and devices (modified where
needed for radiation hardness)

Wide rails for good ESD conductivity (0.5 W/mm)
Protection for zaps between any 2 pads (1500V HBM)



